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SUMMARY 
TEST CONDITIONS 
A computer s i m u l a t i o n  e v a l u a t i o n  of  v i s i b i l i t y  d i s t a n c e s  
p rov ided  by f i f t e e n  h e a d l i g h t i n g  systems was conducted,  i n  t h e  
same manner a s  d e s c r i b e d  i n  a p r e v i o u s  r e p o r t  (HF-TM-73-3). 
Systems A - 1 ,  A-2, and A-3 and D - 1  c o n s i s t  of two i d e n t i c a l  
lamps w i t h  two f i l a m e n t s  each ,  p r o v i d i n g  low and h i g h  beams. 
System XD-1  has  two lamps, each w i t h  d i f f e r e n t  low and h igh  beams. 
Systems B-1 ,  B-2 and B-3 c o n s i s t  of two p a i r s  of  i d e n t i c a l  lamps, 
one p a i r  having low and h i g h  beam f i l a m e n t s  and t h e  second having 
o n l y  a h igh  beam. System XB-1 i s  s i m i l a r  e x c e p t  t h a t  t h e  f i r s t  
p a i r  of lamps has  o n l y  low beam f i l a m e n t s .  Systems C - 1 ,  C-2 and 
C-3 have two i d e n t i c a l  lamps w i t h  low and h igh  beams and two more 
lamps; one a mid beam and t h e  o t h e r  a  h igh  beam. The pho tomet r i c  
d a t a  s u p p l i e d  f o r  t h e  system C-2 mid beam was i n s u f f i c i e n t  i n  
t h a t  t h e  s e c t i o n  above t h e  h o r i z o n t a l  was miss ing  when t h e  p a t t e r n  
was c o r r e c t l y  aimed. T h e r e f o r e  mid and h igh  beams cou ld  n o t  be 
run .  Systems E ,  XE-1 and XE-2 have two lamps; one w i t h  low and 
mid beams and t h e  o t h e r  w i t h  low and h igh  beams. 
Lamps were l o c a t e d  s o  t h a t  t h e  low beam lamps were n e a r e s t  
t h e  edges of  t h e  v e h i c l e  and a d d i t i o n a l  lamps were inboard .  The 
mid beam lamp was always l o c a t e d  on t h e  d r i v e r ' s  s i d e  of t h e  c a r .  
The lamps were mounted such t h a t  t h e i r  h o r i z o n t a l / v e r t i c a l  axes  
were 27 i n c h e s  above t h e  r o a d ,  w i t h  in te r - l amp d i s t a n c e s  between 
ou tboard  lamps of  58 i n c h e s  and 42 i n c h e s  between inboard  lamps. 
The d r i v e r ' s  eyes  were p l a c e d  4 6  i n c h e s  above t h e  road.  The two 
c a r s  i n  t h e  s i m u l a t e d  meeting were i n  t h e  c e n t e r  of  l a n e s  12 
f e e t  wide. 
The v i s i b i l i t y  was computed f o r  a s p e c i f i c  10% r e f l e c t a n c e  
t a r g e t ,  a s  used i n  exper imenta l  tes ts ,  whose o r i e n t a t i o n  had t o  
be i d e n t i f i e d .  The v i s i b i l i t y  was computed f o r  t h e  t a r g e t  l o c a t e d  
a t  t h e  r i g h t  edge of t h e  road and i n  t h e  c e n t e r  of t h e  lane .  
During the meet ings  t h e  v i s i b i l i t y  was computed beginning a t  an 
i n t e r - c a r  l o n g i t u d i n a l  s e p a r a t i o n  d i s t a n c e  of 3500 f e e t ,  wi th  
t h e  same beam being used throughout.  I n  o t h e r  words, beams were 
n o t  swi t ched  du r ing  o r  a f t e r  t h e  meeting. 
For headlamp systems that were comprised of t h r e e  beams, 
t h e  mid beam was used t o  form p a r t  of t h e  high beam. 
Photomet r ic  d a t a ,  i n  t h e  form of s t r i p  c h a r t  ou tpu t s  of 
cande la  v a l u e s  taken  a t  h a l f  degree v e r t i c a l  i n t e r v a l s  between 
20' l e f t  and  20' r i g h t  of an es t imated  H-V p o i n t ,  were hand 
reduced to d i g i t a l  va lues  t o  provide an i n t e n s i t y  g r i d  wi th  t h e  
t r u e  H-V l o c a t e d  as a c c u r a t e l y  a s  p o s s i b l e  from t h e  beam p a t t e r n .  
This  was done by l o c a t i n g  t h e  H-V a t  2' r i g h t  and 1.5' down f o r  
t h e  low beams; 2' r i g h t  and lo down f o r  mid beams; and a t  V and 
0.5' down f o r  high beams. 
The photomet r ic  d a t a  were taken from 35 d i f f e r e n t  headlamps 
and invo lved  a  t o t a l  of 4 9  d i f f e r e n t  beams. 
RES ULTS 
The o u t p u t  of  t h e  s imula t ion  i s  shown i n  Figures  1-30 and 
summarized i n  Tables  1 and 2 .  
High beams provide g r e a t e r  maximum v i s i b i l i t y  than low o r  
mid beams, and g e n e r a l l y  provide g r e a t e r  v i s i b i l i t y  i n  t h e  c e n t e r  
of t h e  l a n e  than t h e  r i g h t  s i d e .  
Mid beams provide up t o  1 6 %  g r e a t e r  v i s i b i l i t y  a t  t h e  r i g h t  
s i d e  t a r g e t  and up t o  2 0 %  g r e a t e r  v i s i b i l i t y  a t  t h e  c e n t e r  t a r g e t  
than  t h e  low beams i n  t h e i r  systems. This i s  shown by t h e  maxi- 
mum v i s i b i l i t y  d i s t a n c e  r a t i o s  i n  t h e  t a b l e s .  Also, t h e  minimum 
v i s i b i l i t y  d i s t a n c e  r a t i o s  of t h e  mid beams a r e  g e n e r a l l y  g r e a t e r  
t han  u n i t y ,  showing t h a t  t h e  mid beams provide a  g r e a t e r  minimum 
v i s i b i l i t y  t han  t h e  low beams. Therefore ,  t h e  mid beams provide 
g r e a t e r  v i s i b i l i t y  throughout  t h e  meeting.  
The r a t i o  o f  t h e  maximum v i s i b i l i t y  distance/minimum v i s i -  
b i l i t y  p rov ide s  an i n d i c a t i o n  of  t h e  d i s a b i l i t y  g l a r e  e f f e c t .  
Those beams t h a t  show a  l a r g e  r a t i o  a r e  ones t h a t  cause  a  l a r g e  
f a l l  i n  v i s i b i l i t y  due t o  g l a r e  du r ing  t h e  meeting.  I n  a l l  c a s e s  
t h e  low beams show t h e  l e a s t  v i s i b i l i t y  decrement,  w i th  somewhat 
g r e a t e r  r a t i o s  ob t a ined  w i th  mid beans ,  and l a r g e  va lue s  be ing  
found f o r  h igh  beams. The l a t t e r  would be expec ted  s i n c e  such 
beams a r e  n o t  i n t ended  t o  be used du r ing  t h e  f u l l  course  o f  a  
meeting.  
The most e f f e c t i v e  i n t e r - v e h i c l e  s e p a r a t i o n  d i s t a n c e  a t  
which dimming from h igh  t o  low o r  mid beams shou ld  occur  can be 
found f r o n  t h e  F igu re s ,  a s  t h e  d i s t a n c e  a t  which t h e  h igh  beam 
v i s i b i l i t y  curve  c r o s s e s  t h o s e  f o r  t h e  o t h e r  beams. Thus, dim- 
ming from h igh  beam shou ld  g e n e r a l l y  occur  a t  about  1200 f e e t .  
Of t h e  systems eva lua t ed  it would appear  t h a t  C-3 ( o r  C - 1 )  
o f f e r s  t h e  b e s t  v i s i b i l i t y  f o r  t h e  r i g h t  s i d e  t a r g e t  l o c a t i o n ,  
and C - 1  ( o r  C-3) f o r  t h e  c e n t e r  t a r g e t .  Th i s  conc lu s ion  i s  
based on a  c r i t e r i o n  o f  h igh  maximum (unopposed) v i s i b i l i t y  f o r  
t h e  h igh  beam, h igh maximum and minimum v i s i b i l i t y  du r ing  t h e  
meeting f o r  t h e  mid beam and low beam, w i t h  low beam performance 
cons ide r ed  t o  be o f  secondary importance i n  t h r e e  beam systems 
compared t o  t h e  mid beam. 
Of t h e  systems c o n s i s t i n g  of two beams, it would appear  t h a t  
B-2 was somewhat more e f f e c t i v e  t han  B-3 and o t h e r s ,  on a  c r i -  
t e r i o n  of  h igh  maximum and minimum v i s i b i l i t y  f o r  t h e  low beam 
and h igh  unopposed (max) v i s i b i l i t y  f o r  t h e  h igh  beam. 
The mid beam of system C - 1  p rov ide s  abou t  5% and 3 %  g r e a t e r  
maximum v i s i b i l i t y  f o r  t h e  r i g h t  and c e n t e r  t a r g e t s ,  r e s p e c t i v e l y ,  
t han  t h e  low beam of s y s t e m  B-2;  and abou t  9 %  and 13% g r e a t e r  
minimum v i s i b i l i t y  f o r  t h e  r i g h t  and c e n t e r  t a r g e t s ,  i n d i c a t i n g  
that moderate gains in visibility would result from introduction 
of a mid beam. 
The results that are shown are based on visibility distance. 
Selection of headlamp beams should also be based on evaluations 
of their effects on discomfort glare in night driving meeting 
situations, and effects of factors affecting headlamp aim. 
TABLE 1. Maximum and Minimum Visibility Distances Obtained for 
Each Beam, f o r  t h e  1 0 %  Reflectance Target a t  the 





















































Max. V i s .  
D i s t .  ( f e e t )  
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Max. V i s .  
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Min. V i s .  
D i s t .  Rat io:  





































Max. Vis. Dist. 



































.TABLE 2 .  Maximum and 1,linimum V i s i b i l i t y  D i s t a n c e s  Obta ined  f o r  
Each Beam, f o r  t h e  1 0 %  R e f l e c t a n c e  T a r g e t  i n  t h e  
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Max. V i s .  
Dist. ( f e e t )  
208 
2 8 9 
18 2 
275 
2 3 9 
2 8 5 
216 
3 0 2 
261 
3 11 
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Max. V i s .  
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Figure  2.  Computer s i m u l a t i o n  p r e d i c t e d  v i s i b i l i t y  d i s t a n c e s  f o r  System A-1 w i t h  t a r g e t  
a t  c e n t e r ,  1 0 %  r e f l e c t a n c e .  
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F i g u r e  5 .  Computer s i m u l a t i o n  p r e d i c t e d  v i s i b i l i t y  d i s t a n c e s  f o r  System A-3 w i t h  t a r g e t  
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Figure 6. Computer simulation predicted visibility distances for System A-3 with target 
at. center, 10% reflectance. 
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Figure 7 .  Computer simulation predicted visibility distances for System B-1 with 
target on right side, 108 reflectance. 
Figure 8. Computer simulation predicted visibility distances for System B-1 with target 
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F i g u r e  10; Computer s i m u l a t i o n  p r e d i c t e d  v i s i b i l i t y  d i s t a n c e s  f o r  System B-2 wi th  t a r g e t  
a t  c e n t e r ,  1 0 %  r e f l e c t a n c e .  
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Figure 11. Computer simulation predicted visibility distances for System B-3 with target 
on right side, 10% reflectance. 
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Figure 12. Computer simulation predicted visibility distances for System B-3 with target 
at center, 10% reflectance. 
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Figure 14. Computer simulation predicted visibility distances for System C - 1  with target 
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Figure 15. Computer simulation predicted visibility distances for System C-2 with target 
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Note: Insufficient data for mid beam pattern. Therefore Mid and High beams could not be run. 
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Figure  16. Computer s i m u l a t i o n  p r e d i c t e d  v i s i b i l i t y  d i s t a n c e s  f o r  System C-2 w i t h  t a r g e t  
a t  c e n t e r ,  1 0 %  r e f l e c t a n c e .  
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Note: I n s u f f i c i e n t  d a t a  f o r  mid beam p a t t e r n .  The re fo re  Mid and High beams could  n o t  be  run .  
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Figure 18. Computer simulation predicted visibility distances f o r  System C-3 with t a r g e t  
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Figure  24, Computer s i m u l a t i o n  p r e d i c t e d  v i s i b i l i t y  d i s t a n c e s  f o r  System X B - 1  w i t h  t a r g e t  
- a t  c e n t e r ,  1 0 %  r e f l e c t a n c e .  
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Figure 28. Computer simulation predicted visibility distances for System XE-1 with target 
at center, 10% reflectance. 
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